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I.  Technical  Summary 


When  a  crack  propagates  through  a  material,  a  number  of  elementary  processes  can 
occur  which  lead  to  departures  from  equilibrium.  These  processes  involve  br^ing  chemical 
and  physical  bonds,  the  motion  of  atoms,  molecules,  elections,  and  ionic  species  in  Ae  vicinity 
of  the  crack  tip,  and  production  of  localized  heating  due  to  plastic  deformation.  The 
consequences  of  such  microscopic  processes  can  result  in  surface  and  near  surface  defects 
being  created,  non-equilibrium  surface  stoichiometry  and  charge  distributions  (involving 
electrons,  holes,  point  defects  and  radicals,  as  well  as  elementary  (and  transient)  excitations 
such  as  excitons,  excited  states  of  color  centers,  and  various  vibrational  excitations.  We  have 
shown  that  a  number  of  emissions  can  result  from  these  circumstances;  we  call  such  emission 
fracto-emission,  which  includes  the  emission  of  particles  such  as  electrons,  ±ions,  and  neutral 
species,  and  photons  before,  during,  and  following  the  propagation  of  a  crack  in  a  stressed 
material.  The  major  goals  addressed  in  our  emission  work  are:  (1)  characterization  of  fracto- 
emission,  (2)  improving  our  understanding  of  the  emission  mechanisms  in  terms  of 
microscopic  processes  accompanying  fracture  (idealized  systems),  and  (3)  applications  of 
fracto-emission  to  understand  the  energetics  of  crack  growth  and  its  influence  on  the  physical 
and  chemical  state  of  the  fracture  and  the  near  fracture  surface.  The  characterization  studies 
include  identification  of  specific  emitted  species,  energy  distribution  measurements,  studies  of 
the  fractal  features  of  emission  from  brittle  materials,  and  determination  of  the  spatial 
distribution  of  the  emission  (through  imaging).  Mechanism  studies  include  fundamental  studies 
of  temperature  dependences  of  the  emission,  modiHcation  of  excitations  via  optical  stimulation, 
exj^riments  on  well  defined  interfacial  failure,  and  time  resolved  spectroscopy  of  the  photon 
emission.  The  application  studies  include  experiments  on  model  inorganic  crys^line  materials 
and  propellents,  energetic  crystalline  materials,  and  elastomers^lymers  of  interest  to  the  Navy. 

We  have  also  been  connecting  the  fracto-emission  woik  with  the  microscq)ic  features  of 
the  newly  created  fracture  surface.  We  are  employing  the  scanning  tunneling  microscope 
(STM)  in  conjunction  with  other  microscopies  to  correlate  fracto-emission  properties  to 
determine  the  topographical  nature  of  the  fracture  surface  over  a  wide  range  of  sizes.  Such 
information  should  aid  in  the  development  of  atomic-scale  models  of  deformation  and  fracture 
in  brittle  materials.  Of  particular  interest  is  the  use  of  topography  to  examine  the  consequences 
of  cracks  moving  into  regions  of  high  densities  of  dislocations.  Furthermore,  we  developed  an 
atomic  force  microscope  (AFM)  to  allow  such  studies  to  be  done  routinely  on  insulating 
materials. 

We  are  also  studying  the  interaction  of  radiation  with  materials  under  mechanical  stress 
to  explore  possible  synergisms  in  damage  mechanisms  due  to  they  way  mechanical  and 
radiative  energy  couples.  Recently,  we  have  also  been  studying  the  emission  products  of  UV 
laser  irradiation  on  including  a  glassy  inorganic  material  and  RDX  single  crystds.  The  latter  is 
of  particular  interest  in  terms  of  the  decomposition  paths  and  resulting  plasma  interactions  the 
pix^ucts  can  undergo.  A  somewhat  esoteric  application  of  this  work  is  the  potential  use  of 
lasers  for  micromachining  explosive  crystals  into  intricate  shapes  with  submicron  resolution. 
We  have  also  proposed  that  thin  films  of  energetic  materials  may  be  useful  in  the  electronics 
processing  industry  as  temporary  coatings  which  could  be  readily  etched  with  UV  radiation. 

Three  areas  have  been  pursued  intensively  utilizing  our  capabilities  to  a)  detect  and 
characterize  particle  release  from  surfaces  on  fast  time  scales,  b)  to  obtain  high  resolution 
topographical  information  utilizing  scanning  tunneling  and  atomic  force  microscopy,  and  c)  to 
analyze  the  consequences  of  high  energy  laser  beams  interacting  with  surfaces.  The  three  areas 
of  study  have  been: 


a)  fracto-emission, 

b)  STM  and  AFM  studies  of  fracture  surfaces,  and 

c)  UV  laser  interactions  with  surfaces. 
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Briefly,  our  goals  have  been  to  examine  the  energetic  processes  accompanying  fracture, 
particularly  those  involving  heat  generating  mechanisms  such  as  dislocation  motion  and  plastic 
deformation,  phenomena  at  interfaces  (often  involving  charge  transfer  processes),  and  high 
energy  UV  l^ers  interacting  with  inorganic  and  (X'ganic  materials.  This  work  has  shown  that  a 
variety  of  excitations  can  occur  during  deformadon  and  fracture,  that  during 


II.  Summary  of  Work  Accomplished 

Creation  of  Free  Charge  Carriers  with  Fracture:  We  developed  a  new  technique  for 
examining  elementary  excitations  in  a  material  during  fracture,  namely  measurements  of 
transient  increases  in  conductivity  in  single  crystal  silicon  due  to  a  propagating  crack.  We 
observed  rapid  increases  in  conductivity  due  to  the  production  of  frree  charge  carriers  during 
crack  growth.  The  band  gap  of  Si  is  1.1  eV,  which  appears  to  be  bridged  via  electronic 
excitations  induced  by  the  tend  breaking  at  the  crack  tip.  This  is  the  first  measurement  of  this 
kind  and  offers  insight  into  the  types  of  mechanically  induced  excitations  that  can  occur  in 
crystalline  materials  during  fracture.  (See  item  1  in  list  of  publicatitms-Section  III,  below). 

Evidence  of  Chaos  in  the  Photon  Emission  fohE)  from  Fracture:  We  have 
examined  the  fluctuations  in  the  photons  (acquired  at  10  ns  intervals)  accompanying  fracture  of 
an  epoxy  and  single  crystal  and  found  that  these  signals  show  chaotic  as  opi^sed  to 
stochastic,  random  behavior.  1  he  evidence  for  deterministic  chaos  comes  from  analysis  of  the 
autocorrelation  function,  the  Fourier  transform,  a  correlation  integral  (Grassberger  and 
Procaccia),  and  the  fract^  box  dimension.  We  have  also  proven  the  existence  of  a  positive 
Lyapunov  exponent  and  the  presence  of  a  low  dimensional  attractor.  The  fracture  surfaces  of 
this  epoxy  are  shown  to  be  fractal  with  equivalent  fractal  dimension.  Thus,  the  dynamic 
process  of  creating  a  fracture  surface  results  in  topographical  features  which  are  simultaneously 
reflected  in  the  intensity  variations  of  the  photons  emitted.  We  were  not  able  to  determine  the 
fractal  dimension  of  the  MgO  (should  be  quite  low)  but  did  find  that  the  photon  emission  was 
chaotic.  The  relation  of  such  parameters  as  fracture  toughness  and  other  measures  of 
dissipation  to  these  photon  emission  correlation  parameters  may  prove  very  useful  for  the 
application  of  ph£  measurements  to  the  characterization  of  materi^s.  It  should  be  emphasized 
that  recent  work  by  Mecholsky  and  Passoja  {e.g.,  J.  Am.  Cer.  Soc.  60  (1989)}  have 
shown  a  strong  correlation  of  fractal  dimension  of  the  fracture  surfaces  with  the  corresponding 
fracture  toughness,  thus  providing  us  with  strong  motivation  to  make  links  to  fracto-emission 
properties.  (See  item  2  in  list  of  publications  below).  An  extension  and  refinement  of  this 
work  was  carried  out  using  particulate  filled  epoxy.  We  examined  the  phE  and  EE  during 
crack  propagation  in  a  common  epoxy.  Shell  E^n  828/Z  Hardner,  filled  at  0, 20  and  40  %  (by 
weight)  with  ~7  pm  AI2O3  particles.  The  particular  measurement  of  interest  involves 
examination  of  the  fluctuations  in  the  phottms  accompanying  fracture  of  this  epoxy  (acquired  at 
S  ns  intervals);  measurements  on  this  resin  system  support  our  earlier  results  showing  that  the 
phE  exhibited  chaotic  as  opposed  to  stochastic,  random  behavior.  We  examine  in  man  detail 
these  signals  and  discuss  ^ssible  relations  to  fracture  toughness  and  length  scales  involved. 
This  work  is  presented  in  item  3. 

Spectra  of  Light  Emitted  During  Peeling  of  an  Adhesive  Taper  We  have  studied  the 
visible  light  emitted  from  the  region  near  the  detachment  zone  during  the  peeling  of  pressure 
sensitive  adhesives.  This  photon  emission  due  to  adhesive  failure  is  a  unique  form  of 
triboluminescence.  We  investigated  the  properties  of  this  light  from  the  peeling  of  a  filament 
tape  with  a  natural  rubber-resin  adhesive  from  its  backing  at  various  peel  spe^s.  We  have 
shown  conclusively  that  small  electrostatic  discharges  are  the  major  source  of  the  radiatitni. 
Total  intensity  vs  time  measurements  show  that  the  light  consists  of  very  intense  bursts  with 
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typical  duration  of  SO  ns  which  frequently  induce  additional  discharges  for  times  as  long  as  50- 
100  ps.  Time  resolved  spectra  of  these  emission  show  them  to  be  dominated  by  die  line 
spectrum  of  molecular  nitrogen  for  both  the  initial  bursts  and  those  that  follow  in  the  next  0.1- 
100  ps.  Thus,  the  "after-emission"  is  not  due  to  phosphorescence  of  the  polymerfs),  but  due  to 
these  addidtxial  electrostatic  discharges.  This  woiic  is  described  in  item  4. 

Autographs  of  Photon  Emission  from  Adhesive  Failure  in  a  Composite  Tape:  A 
study  utilizing  a  very  unique  method  for  producing  contact  prints  (autographs)  of  the  photon 
emission  prt^uced  during  extremely  slow  peeling  of  a  composite  tape  from  Polaroid 
photographic  film  was  carried  out.  We  continue  to  see  direct  evidence  of  small  electrostatic 
discharges  which  occur  in  this  type  of  fracture  involving  interfacial  failure.  The  failure 
mechanism  of  this  particular  tape  involves  fracture  of  the  reinforcing  glass  filaments  which 
results  in  fluctuations  in  the  microscopic  detachment  rate.  This  produces  modulations  in  the 
photon  emission  corresponding  to  several  orders  of  magnitude.  This  work  was  discussed  in 
item  5. 

Damage  and  Electron  Emission  in  the  Cleavage  of  Single  Crystal  LiF:  In  the 
production  of  cleavage  surfaces  of  LiF  single  crystals,  we  have  discovered  that  the  region  of  the 
crystal  interacting  strongly  with  the  metal  cleavage  blade  is  the  region  of  essentially  all  of  the 
emission  for  this  mode  of  loading.  Using  scanning  techniques,  microscopy,  and  varying 
loading  conditions,  we  conclude  that  the  damaged  region  where  the  cleavage  blade  and  crystal 
come  into  contact  is  extraordinarily  "hot"  in  terms  of  electron  emission.  Macroscopic  particles 
(ejecta)  from  the  damaged  region  which  frequently  cling  to  the  fracture  surface  are  also  shown 
to  be  highly  emissive.  In  contrast,  the  "untouched"  cleave  surface  emits  little,  if  any  long 
lasting,  intense  emission.  We  propose  that  the  high  intensity  emission  originates  from  defects 
created  during  the  production  of  higher  index  plane  fracture  surfaces.^  This  woric  was  done 
primarily  by  an  undergraduate  physics  major  (J.P.M.). 

Fracto-Emission  from  MgFi;  Studies  of  the  electron  emission  produced  from  the  fracture 
of  single  crystal  MgF2  were  completed  in  a  collaboration  with  K.  C.  Yoo  (Westinghouse  R  & 
D)  and  R.  G.  Rosemeier  (Brimrose  Corporation).  This  work  is  described  in  item  7  in  the  list  of 
publications.  Here  we  were  interested  in  the  role  of  anisotropic  effects  due  to  the  crystal 
structure  of  MgF2.  We  were  able  to  observe  considerable  changes  in  the  electron  intensity  with 
variation  of  the  dominant  orientations  of  the  fracture  surfaces.  The  separation  of  surfaces  with 
{ 1 10}  orientation  produced  typically  a  factor  of  6-10  higher  emission  intensity  than  surfaces 
with  (101 }  orientation.  From  elastic  constant  anisotropies,  the  production  of  (110)  surfaces 
should  require  more  fracture  energy.  In  addition,  we  consider  the  possibility  of  higher  defect 
densities  on  the  (1 10}  surfaces  due  to  differences  in  local  geometry  and  instantaneous  rates  of 
energy  release  in  the  region  of  the  crack  tip. 

Fracto-Emission  from  Fused  Silica  and  Sodium  Silicate  Glasses;  We  examined  in 
great  detail  characteristic  intensity  vs  time  measurements  of  photon  emission  (ph£),  electron 
emission  (EE),  positive  ion  emission  (PIE),  and  neutral  emission  (NE)  due  to  the  fhteture  of 
fused  silica  and  sodium  trisilicate  glass.  We  show,  for  example,  that  the  trisilicate  is  a  copious 
emitter  of  atomic  Na  and  both  atomic  and  molecular  oxygen.  The  phE,  EE,  and  PEE  from  the 
two  glasses  share  a  number  of  properties.  This  woik  appeared  in  item  8.  Utilizing  time-of- 
flight  techniques  as  well  as  mass  sprotroscopy  we  have  succeeded  in  determining  the  masses  of 
the  positive  ions  emitted  during  the  fracture  of  fused  silica  (SiC>2)'^  The  major  positive  particles 
emitted  (in  order  of  decreasing  intensities)  are:  SiO^,  Si20+,  Si+,  and  0+.  We  have  proposed 
a  sequence  of  bond  breaking  events  which  could  lead  to  such  species  being  liberate.  Such 
species  show  unambiguously  that  non-equilibrium  processes  accompany  bond  breaking  due  to 
fracture.  More  importantly,  in  terms  of  composite  fracture,  we  are  obtaining  unique  signatures 
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for  distinguishing  the  various  failure  modes.  In  this  case,  silica  or  silica  glass  fiber  fracture 
would  yield  Si  containing  species,  whereas  organic  matrices  fiee  of  Si  would  not 

Dislocation-related  Emissions:  Some  fracto-emission  components  from  alkali  halides 
appear  to  be  related  not  to  bond-breaking  during  the  fracture  event,  but  to  the  recovery  of 
fracture-induced  plastic  deformation.  We  have  shown  that  neutral  emission  from  single-crystal 
NaCl  and  LiF  is  due  to  the  emergence  at  the  fracture  surface  of  dislocations  driven  into  the  bulk 
material  during  crack  growth.  Tliis  emission  is  delayed  by  a  few  ms  from  the  time  of  fracture. 
We  have  published  the  results  for  the  alkali  halides  in  item  10  As  this  process  deposits 
considerable  energy  in  a  very  small  volume  of  material,  this  dislocation  motion  has  important 
implications  in  the  fracture  of  sensitive  energetic  materials,  including  explosives  and  rocket 
propellants,  i.e.  fracture  could  in  principle  result  in  unexpected  ignition.  Our  results  indicate 
that  dislocation  emergence  deposits  this  energy  on  times  scales  of  1  ms  or  less,  suggesting  that 
the  rate  of  energy  deposition  is  also  high.  Results  on  a  model  energetic  material,  ammonium 
perchlorate,  show  delayed  spikes  of  certain  neutral  molecules,  suggesting  that  a  similar  process 
does  indeed  occur  in  important  energetic  materials. 

A  related  study  on  a  fundamental  material,  single  crystal  Ge,  is  described  in  reference 
11,  where  we  see  the  delayed  emission  of  Ge  and  Ge2,  again  attributed  to  dislocation  activity 
accompanying  dynamic  fracture.  We  were  able  to  obtain  a  rough  measurement  of  the  velocity 
of  the  Ge  atoms  which  is  ~  700  m/s  and  supports  a  non-thermal  emission  mechanism.  This 
work  has  been  extended  to  materials  such  as  calcite  (generating  CO)  and  to  another  mineral, 
K  feldspar(generating  K  atom  emission).  13 

An  exciting  and  related  study  on  alkali  containing  silicates  shows  that  even  in  very  brittle 
glasses,  stored  deformation  related  energy  can  be  released  in  a  concerted  fashion  to  emit  alkali 
atoms,  thus  relates  nicely  to  the  crystalline  materials.  (See  item  14  below). 

Possible  Fracto-Fusion  Mechanism  for  Observed  Neutrons  in  Deuterated 
Metals.  In  the  heat  of  excitement  associated  with  the  possibility  that  the  observed  bursts  of 
neutrons  seen  by  Jones,  Scaramuzzi,  and  Menlove  (separate  groups)  are  due  to  microcrack- 
induced  charge  separation  which  accelerates  deuterons-  we  collaborated  with  workers  at  Los 
Alamos  in  examining  the  fracto-emission  accompanying  the  fracture  of  deuterated  Titanium. 
This  was  to  explore  the  possibility  that  the  so-called  fracto-fusion  model  was  the  origin  of  such 
neutron  emission.  We  showed  that  charged  particles  are  in  fact  produced  by  fracture,  both 
negative  and  positive  and  are  pursuing  measurements  of  energy  as  well  as  species  of  these 
emissions.  No  claim  of  observations  of  fusion  products  was  made  nor  expected.  It  is  our 
understanding  to  date  that  most  of  the  neutron  signals  have  not  been  reproducible;  Thus,  our 
study  is  of  more  interest  in  terms  of  a  materials  science  interest.  The  work  is  described  in 

reference  15. 

Photon  Emission  from  Interfacial  Failure  at  Embedded  Interfaces:  By  use  of  semi¬ 
transparent  materials,  we  have  been  able  to  detect  interfacial  failure  at  interfaces  inside  a 
polymer  matrix.  We  have  also  used  simultaneous  electron  emission  measurements  to  determine 
the  exact  instant  when  cracks  reach  the  surface  of  the  sample  relative  to  the  internal  failure.  We 
have  completed  measurements  include  the  pullout  process  of  metal  cylinder  from  an  epoxy 
matrix.  We  also  investigated  the  frictional  failure  of  single  rod  pullout  (following  debonding)  to 
determine  if  fracto-emission  signals  can  be  detected  from  this  jvocess  where  stick-slip  behavior 
is  observed.  We  see  strong  fluctuations  in  the  stick-slip  process  indicating  highly  disordered 
mechanical  interlocking.  The  analogy  with  a  slip  system  such  as  a  fault  appears  to  be  valid. 
One  very  significant  observation  is  precursors  in  the  photon  emission  prior  to  slip.  These  are 
due  to  “micro-slip”  occurring  before  catastrophic  slip.  Thus,  a  “warning”  can  be  achieved  by 
this  monitor.  This  work  is  published  in  references  16  and  17.. 
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Measurements  of  Electrical  Transients  during  Internal  Debonding;  We  have  used 
fast  electrical  measuring  techniques  to  examine  the  transient  currents  genoated  in  a  steel  rod- 
epoxy  matrix  system,  similar  to  mat  used  above.  Interfacial  failure  in  the  steel  rod-epoxy  matrix 
system  was  seen  to  be  accompanied  by  distinctive  voltage  and  current  signals  which  are 
correlated  with  interfacial  failure  events  inferred  from  small  changes  in  rod  strain.  We  have 
developed  a  model  for  the  current  generated  during  debonding  as  well  as  during  the  initial 
pullout  event  immediately  following  fracture.  This  wotIc  has  led  to  a  novel  method  for  looking 
at  interfacial  failure  on  sub-microsecond  time  scales.*^ 

Fracto-Emission  From  a  Model  Interface:  Au-SiO^-Si:  We  have  measured  electron 
and  photon  emission  during  the  detachment  of  gold  films  vapor  deposited  on  oxidized  Si,  a 
system  where  energy  levels  and  electronic  structure  has  been  well  studied.  We  show  that  the 
resulting  emissions  are  consistent  with  the  effects  of  charge  separation  predicted  from  the  initial 
formation  of  the  Au-SiC>2  interface,  yet  greatly  modiried  by  charge  transfer  through  the  oxide 
layer  to  and  from  the  Si  substrate, 

Electrical  Charge  on  Eiecta  from  Impact  Loading  of  Explosive  Crystals: 

We  made  measurements  of  the  properties  of  small  macroscopic  particles  (ejecta)  released  from 
the  impact  loading  of  single  crystals  of  PETN.  Total  mass,  total  electrical  charge,  and 
approximate  size  distributions  were  determined.  Long  wavelength  electromagnetic  r^iation 
was  detected  from  the  impact  suggesting  that  microdischarges  occurred  during  fracture.  The 
charge  on  the  surface  was  attributed  to  the  electrostatics  of  fracturing  a  piezoelectric  crystal. 
Similar  results  have  been  observed  on  single  crystal  quartz.  This  woric  appeared  in  ref.  20. 

Scanning  Tunneling  Microscopy  of  Fracture  Surfaces:  In  the  fracture  of  semi-brittle 
materials,  we  expect  that  the  fractography  of  the  surface  to  be  intimately  related  to  energy 
dissipation  and  failure  mechanisms.  These  can  occur  on  a  number  of  size  scales,  including  Ae 
nanometer  scale.  We  have  finished  studies  of  fracture  surfaces  of  single  crystal  MgO^i  using 
scanning  tunneling  microscopy  (STM)  to  examine  topography  of  fracture  surfaces  on  very 
small  length  scales.  We  made  observations  where  considerable  detail  in  the  nanoscale  motion 
of  a  crack  tip  are  revealed.  A  number  of  crystal  planes  are  found  including  very  high  energy 
planes.  This  work  has  led  to  current  work  on  STM  investigations  of  fracture  surfaces  of 
polymers  [D.  M.  Kulawansa,  S.  C.  Langford,  J.  T.  Dickinson,  and  R.  P.  Dion,  "Scanning 
Tunneling  Microscope  Observations  of  Polymer  Fracture  Surfaces,"  J.  Mater.  Res.  2.  1292 
(1992)],  silica  based  glasses,  and  metallic  glasses. 

Excimer  Laser  Interactions  with  Solid  Surfaces.  We  have  examined  in  the  influence 
of  UV  Excimer  radiation  on  Na20  3Si02  glass.  We  have  characterized  the  damage  to  the 
surfaces  of  this  material  as  well  as  determinations  of  the  type  of  particles  and  their  velocities  due 
to  the  pulsed  laser  bombardment.  This  includes  measurements  of  the  charged  particle  emission 
(photoelectrons,  lions,  and  neutral  emission  (both  ground  state  and  excited)  as  a  function  of 
photon  flux.  We  examined  in  detail  the  onset  of  signiflcant  removal  of  matter  from  the  glass 
Ablation),  where  we  see  evidence  for  laser  induced  absorption  at  248  nm  (thus  a  threshold  in 
exposure  for  damage  to  occur),  an  electrostatic  acceleration  of  positively  charged  particles 
interacting  with  laser  heated  electrons  (inverse  bremstrahlung)  resulting  in  ~30  eV  Na  atoms  in 
high  lying  Rydberg  states.22 

Most  recently,  we  made  a  new  discoveiy  concerning  the  process  of  inducing  etching  of 
wide  bandgap  materials,  namely  the  strong  influence  of  the  simultaneous  fq>plication  of  beams 
of  electrons  and  laser  li^t.  We  showed  duect  evidence  of  a  synergism  between  these  radiation 
sources.  In  terms  of  sensitivity  of  materials  to  radiation,  the  role  of  interactions  between  two  or 
more  types  of  radiation  should  be  an  area  of  considerable  interest.  This  woik  is  presented  in 
ref.  23  Related  work  on  a  mechanistic  model  describing  the  effects  of  intense  UV  radiation 
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pulses  on  materials  is  outlined  in  item  24  .  Measurements  of  the  negative  charge  emission 
accompanying  laser  bombardment  of  a  silica  glass  are  presented  in  ref.  25. 

Decomposition  of  RDX  bv  Excimer  Laser  Radiation;  We  completed  a  study  of 
consequences  of  excimer  radiation  on  single  crystal  RDX,  an  explosive  molecular  crystal, 
where  we  showed  that  decomposition  of  the  cryst^line  material  occurs  and  that  photochemical 
processes  dominate.  Furthennore,  the  resulting  etching  of  the  iix>lecular  crystal  is  related  to  the 
induced  chemical  reactions,  as  seen  in  the  product  distributions  coming  ^m  the  crystal  as  a 
function  of  laser  fluence.  Finally,  we  showed  that  there  was  a  sustained  reaction  following  the 
laser  pulse  which  we  could  quantify  with  the  luminescence  coming  from  the  reaction  products. 
This  work  is  described  in  item  26  in  the  publication  list. 

Interaction  of  Excimer  Laser  Ultraviolet  Radiation  with  KAPTON-H  under 
Mechanical  Stress;  We  examined  the  response  of  highly  stressed  polyimide  films  to 
excimer  laser  radiation  (20  ns  pulses  @  248  nm  wavelength)  in  vacuum.  We  investigated 
changes  in  surface  topology  due  to  surface/near  damage,  crack  initiation,  and  eventually  crack 
growth  over  a  wide  range  of  applied  stress.  We  showed  that  the  morphology  of  the  stressed 
material  has  a  significant  influence  on  the  resulting  damage  and  suggest  that  the  regions  of 
highest  damage  are  those  experiencing  the  highest  local  stress.  Initial  results  are  also  presented 
on  the  effect  of  mechanical  stress  on  yields  of  the  photo-ablation  products  ejected  from  the 
polymer  surface.  This  work  appears  in  reference  27.  A  similar  study  performed  in  air  is 
described  in  item  28. 
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11.  Technical  Reports  Issued 


•  Particle  Emission  and  Charging  Effects  Induced  by  Fracture, 
Technical  Report,  June,  1989,  by  J.  Thomas  Dickinson. 

•  Particle  Emission  and  Charging  Effects  Induced  by  Fracture, 
Technical  Report,  May  1991,  by  J.  Thomas  Dickinson. 
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"Fracto-Emission:  Recent  Studies  in  Particle  Emission  Accompanying  Interfacial  Failure," 
Osaka  University,  Osaka,  Japan,  October,  1991. 

"The  Origin  and  Evolution  of  Defects  in  Materials  Under  Stress,"  AFOSR  Workshq)  on 
Defects,  Wright-Patterson,  October,  1991. 

fundamental  Processes  Accompanying  Fracture  of  Polymers  and  Interfaces,"  3M 
Corporation,  October,  1991. 

"I^to-Emission:  Recent  Studies  in  Particle  Emission  Accompanying  Interfacial  Failure," 

Dept,  of  Physics,  Western  Michigan  University,  Kalamazoo,  Nov.  1991. 

"The  Mechanisms  of  Ablation  ctf  Wide  Bandgap  Materials",  American  Chemical  Soc.,  San 
Francisco,  April,  1992. 

"Fracto-Emission  from  Ceramics  and  Glasses,"  American  Ceramics  Society,  Minnetqwlis, 
April,  1992. 

"Chaos  and  lYactals  in  Fracture",  Gordon  Conference  on  Fractals,  June,  1992. 

To  be  presented: 


13 


"Laser  Ablation  of  Wide  Bandg^  Materials,"  Gordon  Qmference  on  Ion,  Electron,  Laser 
Beams,  July,  1992. 

"Laser  Ablation  of  Wide  Bandgap  Materials,"  MRS  Fall  Meeting,  Bosttm,  1992. 

"Fracto-Emission  from  Polymer  Interfaces,"  ACS,  Chicago,  August,  1993. 

“Laser  Ablation  of  Wide  Bandgap  Materials”,  Intemadcmal  Workshop  on  Laser  Materials 
Interactions,  Oak  Ridge,  September,  1993. 
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